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By Victor L. Peterson and Gene P. Menees 

SUMMARY 

The results of an investigation of  the static longitudinal  stabiuty 
and control  characteristics of a canard airplane  configuration  are  pre- 
sented  without  analysis f o r  the Mach nuniber range from 0.70 to 2.22. 
The configuration  consisted of an aspect ratio 2.0 triangular wing, an 
aspect  ratio 3.0 unswept canard, a low aspect   ra t io   ver t ical   ta i l ,  and a 
Sears-Haack body. The hinge line of the canard w a s  in the extended chord 
plane of the wing, 1.15 w i n g  mean aerodynamic chords ahead of the refer- 
ence center of moments.  The ratio of the  area of the -sed canard 
panels t o   t he   t o t a l  area of the wing was 8.1 percent. Data are presented 
for  various  combhatiom- of the canard., wing, and vertical t a i l   f o r  an 
angle-of-attack range from -60 to+180. The canard deflection  angles 
ranged from 00 t o  +m0. 

INTRODUCTION 

The possible  gains to be realized at  supersonic speeds in   the  form 
of reduced t r i m  drag and increased  maneuverability  by  the  use of canards 
rather  than conventional tail-aft  controls have resulted in increased 
interest   in  these arrangements.  Therefore, an extensive yesearch program 
aimed at determining the static  longttudinal and directional  character- 
i s t i c s  of a nuniber of canard configurations has been  undertaken  by the 
mCA. 

A part of the program conducted a t  the Ames Aeronautical Laboratory 
was dlrected  a t  determining the  effects of canard plan form. !%is report 
is  one of a series  pertaining t o  the program  and presents  mthout  analy- 
sis the longitudinal c+ cs of one complete configuration and 
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i t s  component parts. !Phis configuration, which differed from that  of . 
reference 1 only i n  the canard plan form, consisted of an aspect  ratio 2.0 
triangular wing, m aspect  ratio 3.0 unswept canard, a low aspect  ratio 
ver t ical  tail,  and a Sears-Haack  body. - 

The Longitudinal s t ab i l i t y  and control  characteristics  for a similar 
configuration with an aspect  ratio 2.0 triangular canard are  presented Fn 
reference 1. Results from another phase of the  investigation are reported 
i n  reference 2. 

NOTATION 

a.c. aerodynamic center determi.ned a t  CL = 0, percent E 

E mean aerodynamic chord of wing, f t  

CC canard root chord, f t  

CD drag  coefficient, L!E.& 
ss 

cDO 

CL lift coefficient, - 
ch& 

drag coefficient  at  zero Lift 

lift 
ss 

lift-curve  slope  taken through zero  angle of attack,  per deg 

Cm pitching-moment coefficient, pitching moment, referred to   the  ss E 

cZC 

projection of the 0.15E point on the fliselage  reference line 
(Center of moments for. data  in ref. 1 was obtained by projection 

I of the 0.21E point on f'uselage reference l ine . )  

canard hinge-moment coefficient, moment, ref erred 
ssc(ccp)  

to the  projection of the 0 . 5 0 ~ ~  point on the f'uselage 
reference line 

(gL maxinnmt lift-drag ra t io  

M free-stream Mach rider 

cl free-stream aynamic pressur- -1bjsq ft  

" 

b 
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c 

S wing area formed by exten- the leaang and trailing edges 
t o  the  plane of synmetry, sq ft 

S C  canard exposed area, sq ft 

U angle of attack of wing root chord, deg 

a angle of deflection of the canard w i t h  respect t o  the extended 
w i n g  chord plane, positive when t ra i l ing  edge i s  down, deg 

Configurations are denoted  by  the following l e t te rs  used i n  
combination: 

C canard 

v v e r t i c a l   t a i l  

W win@; 

APPARATUS AND MODEL 

Test Facil i ty 

w The experimental  data were obtained i n  the Ames 6-  by  6-foot 
eupersonic wind tunnel which i s  a  closed-circuit  variable-pressure  type 
with a Mach  nw.tiber range  conthuous from 0.70 t o  2.22. A recent modi- 
fication involved  perforating  the  test-section  floor and ceiling and 
adding a  boundary-layer removal system t o  enable uniform flow t o  be 
maintained at transonic and low supersonic  speeds. A t  the’ same time 
injector flaps were instal led downstream of thc  test   section  to extend 
the upper Mach nuniber limit by reducing the   requi rd  corrrpression r a t i o  
across  the  nozzle and by b.etter matching the weight flow characteristics 
of the  nozzle  with  those of the compressor. 

Analysis of the  results of  an extensive  survey of the modified 
wind-tunnel characteristics, althou& incomplete, i s  sufficiently com- 
plete t o  establish  the  validity of the  results of the  present  investigation. 

Description of Model and Balances 

The sting-mounted model consisted of an aspect ratio 2.0 triangular 
c wing, an aspect  ratio 3.0 unswept canard, and a low aspect ratio vert ical  

tail, a l l  mounted on a fineness  ratio 12.5 Sears-Haack body. A dimensional 
sketch of the model i s  sham i n  figure l ( a ) .  The wing and vertical  tail 
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had NACA 0003-63 sections streamwise ana the constant  thickness canard, 
detailed  in  f igure  l(b),  had beveled leading and t ra i l ing  edges. The 
canard, which was pivoted  about the 0.50 canard root chord, was  mounted 
in   the  extended wing chord plane 1.15 wing mean aerodynamic chords ahead 
of the  reference  center of moments (0.15E). The ra t io  of the  area of  
the exposed canard panels to  the  total   area of the wing was 8.1 percent 
and the r a t i o  of the total  areas was U.5 percent. The wing, canard, 
and ve r t i ca l   t a i l  were of solid e t e e l  construction t o  minimize aeroelas- 
t ic   effects .  The surfaces  were.polished t o  give a smooth surface and 
further  treated t o  prevent  corrosion. 

The fiselage was cut off as sham i n  figure l(a) t o  accommodate the 
sting and the six-component strain-gage  balance which  measured forces 
and moments on the  entire  configuration. Canard normal forces and hinge 
moments were obtained from a two-component strain-gage  balance mounted 
in   t he  nose of the fuselage. The canard, wing, and vertical  t a i l  were 
removable, enabling data t o  be  taken w h i c h  would permit an evaluation of 
the  contribution of each of the component par-bs of the model ana the 
interference between parts. 

Range of Test  Variables 

Mach numbers of 0.70, 0.90, 1.00, 1.10, 1.30, 1.70, and 2.22 were 
covered i n  the  investigation. The t e a t  Reynold6  number based on the 
wing mean aerodynamic chord w a s  1.84 million at Mach nunibers of 1.00 and 
1.10, and 3 . a  million at dl. other Mach nunibers. The smaller Reynolds 
number a t  transonic speeds was necessary because of model structural 
limitations. 

A t  the  relatively low Reynolds  nunibers a t  which most wind tunnels 
operate,  extensive  regions of laminar flow can exist on models at zero 
l i f t .  A t  lifting conditions the transition  points on the model surfaces 
usually move forward, thus causing  a change i n  f r ic t lon drag with chang- 
ing lift coefficient which i s  difficult t o  evaluate and, moreover, not 
necessarily  representative of full scale. In order t o  induce transition 
a t  fixed  locations on t he  component parts, a 0.010-inch-diameter wire 
was placed on the wing and 0.005-inch-diameter wires were affixed t o  the 
canard and vertical   tai l   in  the  locations shown in  f igure l(a>. When 
the model  was tested wlth the canard off, a  0.010-inch-diameter Hire was 
located on the body 4 inches from the nose. The wire  sizes were selected 
on the  basis of the results of reference 3. Although there   ie  no conclu- 
sive evidence a s - to   t he  magnitude of the form drag increment contributed 
by the  transition wires,  previous studies have indicated t h i s  increment 
t o  be  not more than 0.0010. A l l  of the  data  presented  herein  are for 
transition-fixed  conditions. 

. 
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Reduction of Data 

The data  presented  herein have been  reduced t o  standard RACA 
coefficient form. The  moment center  for data presented herein was chosen 
so that  the minimum s t a t i c  margin in the  rmge of trfm lift coefficients 
between 0 and 0.5 throughout the Mach nuniber range  lnvestfgated w a s  
0 . 0 3 ;  the resulting moment center was a t  the 0.13 point of the w i n g  mean 
aerodynamic chord.1 The canard hinge moments were computed about  a hinge 
line  located  at the 0.50 point of the canard mot chord. Factors w h i c h  
affect  the accuracy of the  results  are  discussed in the following 
paragraphs. 

Stream variations.- Surveys of the stream characteristics of the 
Ames 6- by 6-foot supersonic wind tunnel shaped that in   the  region of 
the  test  section,  essentially no stream curvature existed. in  the pitch 
plane of the model and, that a x i d  static-pressure  variations were usually 
less  than k l  percent of the aynamic pressure. This static-pressure  var- 
iation  resulted i n  negligible longitudinal-buoyancy  corrections t o  the 
drag of this model. Therefore, no corrections f o r  stream curvature o r  
static-pressure  variation were made i n  the  present  investigation. 

From a t e s t  of the model in  the normal and inverted  attitudes, a 
stream angle, w h i c h  was less than +O. 30° throughout the Mach nurdber range, 
was found t o  exist i n  the  pitch plane. The data  presented h e r e h  have 
been corrected f o r  these stream angles w h i c h  correlated closely with 
those  obtained f r o m  a cone survey. 

Support  interference.- The effects of model support  interference on 
the aerodynamic characteristics were considered t o  consist primarily of 
a change in  the  pressure  at  the  base of the model.  Rowever, the drag 
data  presented  herein  contain 110 base drag component since  the  base  pres- 
sure was measured and the  drag was adjusted t o  correspond t o  that in 
which the  base  pressure is  equal t o  the  free-stream s t a t i c  pressure; 
therefore, no corrections were made t o  take  into account  support 
interference. 

Tunnel-wall interference.- The effectiveness of the  perforations i n  
the wind-tunnel test section  in preventing choking and absorbing reflected 
disturbances at  transonic and l o w  supersonic  speeds  has been established 
experimentally. Unpublished data from the wind-tunnel calibration  indi- 
cate  that  reliable  data can be obtained  throughout the Mach. number range 
i f  certain  restrictions  are imposed on the model size  and att i tude.  The 
configurations and  methods of testing used i n  the present  investigation 

LA similar  stabil i ty  cri terion was used t o  select  the  center of 
moments f o r  the data presented in reference 1; the  resulting  center of 
moments was,  however, a t   the  0.21 point of the wing mean aerodynamic 
chord. 
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conform t o  these  restrictions so that  data  at  transonic and low superson3.c . 
speeds are reasonably free of interference  effects. Thus, no corrections 
for w a l l  interference have been made. .. 

The results  are presented i n   t h i s  report without  analysis i n  order 
t o  expedite-publication. A l l  of the experimental data are  tabulated  in 
tables I and 11. Selected  portions of the data are  presented i n  figures 2 
through 4. L i f t ,  drag, and pitching-moment characteristics  are  presented 
i n  figure 2 for  several   test  Mach numbers f o r  the canard on  and off.  Fig- 
ure 3 shows the  variations of canard normal forces and hinge moments as a 
function of angle ofattack a t  constant canard deflection  angles. Summa- 
r i z e d  in   f igure  4 are ' the  l if t-curve slopes, maximum Lift-drag  ratios, 
minimum drag coefficients, and a2roaynamic centers as a function of Mach 
nuniber f o r  the canard on a t  zero deflection and for the canard off. 

Ames Aeronautical Laboratory 
National Advisory Conrmittee fo r  Aeronautics 

Moffett  Field, Calif., W o v .  26, 1957 

2. Boyd, John W., and Peterson,  Victor L.: Stat ic   Stabi l i ty  and Control 
of Canard Configurations at Mach  Numbers From 0.70 t o  2.22 - Trian- 
gular.Wing and Canard on an Extended Body. NACA RM A57K14, 19%. 

3.  Winter, K. G., Scott-Wilson, .J. B. ,  and Davies, F. V. : Methods of 
Determination and of  Fixfng Boundary-Layer Transition on Wind Tun- 
nel Models a t  Supersonic Speeds. R.A.E. TN Aero 2341, British, 
Sept. 1954. 
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TABLE I. - mRODyNAE4IC CHARACTERISTICS WITH TBE WIMG ON - Continued 
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TABLF I. - B E R O D " l C  CHARACTERISTICS W I T H  TEF, WING ON - Continued 
(d) BVWC; 6 = 10.10 
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TABU 11. - AERODYK4KLC (J'RARACPERISTICS WrPB FPAE HE% OFF - Continued 
(b) BVC; 6 = 0' 
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